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(54) MAGNETO-RESISTIVE EFFECT TYPE HEAD 

(57)Abstract: 

PURPOSE: To obtain a structure with which the spacing 
between the lower shielding film and upper shielding film 
of the magnetosensitive part region of a magneto- 



resistive effect head is made small and the stable 
insulating characteristic of an electrode film and the 
magnetic shielding films is assured in order to improve a 
surface recording density. 

CONSTITUTION: The lower magnetic shielding film 12 is 
disposed on a substrate and a magneto-resistance 
sensor film 1 is disposed via an insulating film in the 




magnetosensitive part region on this lower magnetic 
shielding film 12. The electrode film 19 for energization is 
connected to the side face of the magneto- resistance 
sensor film 1. The thickness of the insulating film 

between the magneto-resistance sensor film 1 in the magnetosensitive part region and the 
lower magnetic shielding film 12 is set smaller than the thickness of the insulating film 
between the electrode film 19 and the lower magnetic shielding film 12. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A substrate, the lower magnetic-shielding film prepared on this substrate, and the magnetic- 
reluctance sensor film prepared in the magnetic force sencor field on this lower magnetic-shielding film 
through the insulator layer, In the magneto-resistive effect mold head which has the electrode layer for 
energization connected to the side face of this magnetic-reluctance sensor film The magneto-resistive 
effect mold head to which thickness of the insulator layer between the above-mentioned magnetic- 
reluctance sensor film and the lower magnetic-shielding film is characterized by being thinner than the 
thickness of the insulator layer between the above-mentioned electrode layer and the lower magnetic- 
shielding film. 

[Claim 2] It is the magneto-resistive effect mold head characterized by the above-mentioned lower 
magnetic-shielding film having heights to the above-mentioned magnetic force sencor field in a 
magneto-resistive effect mold head according to claim 1. 

[Claim 3] It is the magneto-resistive effect mold head characterized by all or the principal part of the 
thickness directions consisting of the quality of the material in which the insulator layer between the 
above-mentioned electrode layer and die lower magnetic-shielding film differs from the above- 
mentioned magnetic-reluctance sensor film and the insulator layer between lower magnetic-shielding 
film in a magneto-resistive effect mold head according to claim L 
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* NOTICES * 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the magneto-resistive effect mold head used for the 

magnetic-recording field, for example, a magnetic disk drive etc. 

[0002] 

[Description of the Prior Art] In recent years, the magnetic recording medium which used the magneto- 
resistive effect mold head (henceforth an MR head) as a head for high density record playback is used 
increasingly. In order for this MR head to inhibit a Barkhausen noise and to secure an active region with 
sufficient linearity, it is known that the bias field of a lengthwise direction and a longitudinal direction 
must be impressed to the magnetic-reluctance sensor film. 

[0003] Moreover, as an MR head of the narrow track width of face corresponding to high density record, 
the magnetic-reluctance sensor film is limited and arranged only to a magnetic force sencor at JP,3- 
12531 1, A, and the MR head of the narrow track width of face which was excellent in the sensitivity 
profile of structure which connected the electrode on the side face of the magnetic-reluctance sensor 
film is indicated. This MR head forms the electrode layer linked to this, and is manufactured while 
carrying out taper etching of the magnetic-reluctance sensor film by the ion milling method which 
controlled the angle of incidence of an ion beam, using a photoresist as mask material. 
[0004] 

[Problem(s) to be Solved by the Invention] Although it is required in the field of magnetic recording to 
raise surface recording density increasingly from now on, and to go, in order to raise surface recording 
density, it is required to also raise track recording density sharply in addition to track density, and to go. 
For that purpose, it is necessary to make small the gap length of an MR head, i.e., spacing of the lower 
shielding film of a magnetic force sencor field (active region of the magnetic-reluctance sensor film), 
and the up shielding film. 

[0005] The conventional technique of a publication had the problem that spacing of the lower shielding 
film of a magnetic force sencor field and the up shielding film was not a size corresponding to high 
density record in above-mentioned JP,3-12531 1,A. Since over etching of the insulator layer of a 
substrate will be carried out when etching the magnetic-reluctance sensor film by ion milling if the 
insulator layer of this MR head is made thin, insulating reservation with the electrode layer and lower 
shielding film which were formed on this is difficult. 

[0006] The purpose of this invention has small spacing of the lower shielding film of a magnetic force 
sencor field, and the up shielding film, and it is to offer the magneto-resistive effect mold head which 
secured the stable insulation of an electrode layer and the magnetic-shielding film. 
[0007] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the magneto-resistive 
effect mold head of this invention A substrate, the lower magnetic-shielding film prepared on the 
substrate, and the magnetic-reluctance sensor film prepared in the magnetic force sencor field on the 
lower magnetic-shielding film through the insulator layer, It has the electrode layer for energization 
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connected to the side face of this magnetic-reluctance sensor film, and is made to make thickness of the 
insulator layer between the magnetic-reluctance sensor film and the lower magnetic-shielding film 
thinner than the thickness of the insulator layer between an electrode layer and the lower magnetic- 
shielding film. 

[0008] This magneto-resistive effect mold head can be made into the structure which prepared heights in 
the lower magnetic-shielding film of a magnetic force sencor field. Such a magneto-resistive effect mold 
head can be manufactured easily as follows, for example. Thickness other than the magnetic force 
sencor field in which the lower magnetic-shielding film is formed on a substrate, and the magnetic- 
reluctance sensor film of this lower magnetic-shielding film is formed is made thin, the 1st insulator 
layer and the 2nd insulator layer are formed on it, and the 2nd insulator layer of a magnetic force sencor 
field is deleted and manufactured. 

[0009] Moreover, the above-mentioned magneto-resistive effect mold head can also make all or the 
principal part of the thickness directions of an insulator layer between an electrode layer and the lower 
magnetic-shielding film the different quality of the material from the magnetic-reluctance sensor film 
and the insulator layer between lower magnetic-shielding film. Such a magneto-resistive effect mold 
head can be manufactured easily as follows, for example. First, the lower magnetic-shielding film, the 
1st insulator layer, and the magnetic-reluctance sensor film are formed on a substrate, and magnetic- 
reluctance sensor film other than a magnetic force sencor field and the 1st insulator layer are removed. 
At this time, upside [ a part of] was removed and a part of 1st insulator layer may remain. Subsequently, 
the 1st insulator layer forms the 2nd insulator layer in the field removed substantially. Thus, if an 
insulator layer is formed with the different quality of the material in 2 steps, the above-mentioned 
structure can be manufactured easily. 
[0010] 

[Function] If thickness of the insulator layer between the magnetic-reluctance sensor film of a magnetic 
force sencor field and the lower magnetic-shielding film is made thin, spacing of the lower shielding 
film and the up shielding film can be made thin, and it can respond to high density record. On the other 
hand, the thickness of the insulator layer between an electrode layer and the lower magnetic-shielding 
film can secure the stable insulation of an electrode layer and the lower magnetic-shielding film by 
making it thicker than the thickness of the insulator layer of the above-mentioned magnetic force sencor 
field. 
[0011] 

[Example] Hereafter, the example of this invention is explained using a drawing. 
<Example 1> Drawing 1 is partial structural drawing for the 1st component section structural drawing, 
drawing 2 , and drawing 3 of a medium confrontation side (surfacing side) of an example of an MR head 
to show the production process. [ of this invention ] On a substrate 10, the substrate film 1 1 and the 
lower shielding film 12 with a thickness of 2 micrometers are formed, and about 0.5 micrometers of 
parts other than some lower shielding film 12, i.e., the field of the magnetic-reluctance sensor film 1 
formed in behind, are etched by ion milling so that thickness may become thin. The width of face of the 
heights of the lower shielding film 12 formed here is 2 micrometers, and is equivalent to the width of 
recording track of a record medium. Usually, it is desirable to be referred to as 1.5 to 3 micrometers. 
Although the amorphous alloy film of the NiFe film which is soft magnetism film was used for the 
lower shielding film 12, amorphous alloy film, such as CoNbZr, is sufficient. 

[0012] Then, as shown in drawing 2 , the 1st insulator layer 13 with a thickness of 0.1 micrometers and 
the 2nd insulator layer 17 with a thickness of about 1 micrometer are formed, and it is processed until 
the 1st insulator layer 13 is exposed as shown in drawing 3 , and an outline flat side is acquired by 
polishing processing. The thickness of the 1st insulator layer 13 has 0.05 to desirable 0.1 micrometers, 
and the thickness of the 2nd insulator layer 17 should just be 0.5 micrometers or more of the thickness 
which carried out [ above-mentioned ] etching. Here, Si02 grade may be used for the 2nd insulator layer 
17 although aluminum 203 was used for the carbon insulator layer (diamond-like carbon film) and the 
2nd insulator layer 17 which are hard to be processed by polishing processing by hard into the 1st 
insulator layer 13. 
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[0013] Drawing 4 and drawing 5 are partial structural drawings having shown another way when 
forming this flat side, and the 1st insulator layer 13 of them is the same as that of the structure which 
forms the insulator layer 27 which is equivalent to the 1st insulator layer again, and is functionally 
shown in drawing 3 from the condition or the condition of no longer being processed which was 
processed in part and became thin in this case. 

[0014] Then, as shown in partial structural drawing shown in drawing 6 , although the magnetic- 
reluctance sensor film 1 shown in drawing 1 is formed, this magnetic-reluctance sensor film 1 consists 
of film of three or more layers. In the example of drawing 6 , continuation formation of the software bias 
film 14, a demarcation membrane 15, and the MR film 16 is carried out. Here, using NiFeCr, NiFeNb, 
etc. which are the high resistance soft magnetism alloy generally known on the software bias film 14, 
using NiFe, a cascade screen is formed in Ta and the MR film 16 one by one, and it goes for a 
demarcation membrane 15 to them. 

[0015] Next, alignment of the stencil 31 used as mask material as shown in drawing 6 is carried out at 
the place where the thickness of the lower shielding film 12 is thick, it forms by the photoresist, and 
three layers, the software bias film 14, a demarcation membrane 15, and the MR film 16, are etched by 
ion milling. In order to acquire a required side-face taper angle at this time, it etches setting the angle of 
incidence of an ion beam as the big value of 45 degrees or more, and rotating a substrate. Here, although 
the 2nd insulator layer 17 will also be etched a little as over-etching of the part within a substrate side is 
carried out and it is shown in drawing 6 in order to etch the inside of a substrate side certainly, since 
thickness is made sufficiently thick, the thickness which needs the 2nd insulator layer 17 on the lower 
shielding film 12 will be secured. 

[0016] Then, from this condition, with the stencil 31 left, as shown in drawing 7 , continuous laminating 
of the vertical bias film 18 and electrode layer 19 for impressing vertical bias to the MR film 16 is 
carried out. Although Ta/Au/Ta of low resistance was used for the vertical bias film 18 at the hard film 
of CoCrPt, and an electrode layer, the cascade screen of NiMn/NiFe etc. is sufficient as the vertical bias 
film 18, and the cascade screen of Ta/W/Ta etc. is sufficient as an electrode layer. The forming method 
is formed by the usual spatter with a big surroundings lump of a metal membrane covering particle. 
Even if it manufactures by which approach, in this example, the lower layer side of the magnetic- 
reluctance sensor film and the vertical bias film is substantially flat. 

[0017] Then, removal of a stencil 31 acquires the configuration shown in drawing 8 . As shown in 
drawing 9 after this, the up gap film 20 and the up shielding film 21 of the same quality of the material 
as the lower shielding film are formed, the light gap film 22 shown in drawing 1 , a coil (not shown), an 
interlayer insulation film (not shown), the light core 25, a protective coat 26, a terminal (not shown), etc. 
are formed, and an MR head is completed. Drawing 10 is the partial perspective view of this MR head, 
and shows the location of a coil 23 and interlayer insulation film 24 grade. 

[0018] <Example 2> Drawing 1 1 is partial structural drawing for drawing 12 to component section 
structural drawing of the medium confrontation side (surfacing side) of the MR head of the 2nd example 
of this invention and drawing 16 to show the production process. On a substrate 10, the substrate film 
1 1, the lower shielding film 12, and the 1st insulator layer 13 are formed, and the magnetic-reluctance 
sensor film 1 is formed continuously. Although [ the quality of the material of the lower shielding film 
12 and the 1st insulator layer 13, and thickness ] it is the same as an example 1, it is not a carbon 
insulator layer and high grade metallic compounds with insulation, such as silicon nitride, an alumina, 
and a titania, etc. may be used for the 1st insulator layer 13. 

[0019] The magnetic-reluctance sensor film 1 consists of three layers, the software bias film 14, a 
demarcation membrane 15, and the MR film 16, as shown in drawing 12 , and it carries out continuation 
formation of these. The ingredient of example 1 publication is used for these software bias film 14, a 
demarcation membrane 15, and the MR film 16. 

[0020] Next, it etches setting the angle of incidence of an ion beam as the big value of 45 degrees or 
more, and rotating a substrate, in order to acquire a required side-face taper angle at this time, although 
the stencil 31 used as mask material as shown in drawing 12 is formed by the photoresist and three 
layers, the software bias film 14, a demarcation membrane 15, and the MR film 16, are etched by ion 
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milling, and is **. Here, in order to etch the inside of a substrate side certainly, over-etching of the part 
within a substrate side is carried out, and as shown in drawing 12 , this film will also be etched when the 
1st insulator layer 13 is thin. 

[0021] Then, from this condition, with a stencil left, as shown in drawing 13 , the 2nd insulator layer 17 
with a thickness of 0.2 micrometers - 0.3 micrometers is formed, but using the collimation spatter 
method which made [ many ] the approach, for example, the ion beam spatter method, to force it the 
directivity of the insulator layer covering particle 32, or the rectilinear-propagation particle, the 
membrane formation approach is formed so that the 1st some or all of a side face of an insulator layer 13 
may be covered. Moreover, since this film is made into required thickness when securing an insulation, 
it can use a common metallic oxide, a metal nitride, for example, silicon nitride, an alumina, a titania, 
etc. By this, since it forms to the 2nd insulator layer 17 using the same mask material, it will be hard to 
produce a location gap, and the insulation with the electrode layer and lower shielding film which are 
formed after this can also be secured certainly. 

[0022] After this, by this example, in order to ensure contact on MR film side face at this time although 
the vertical bias film 18 for impressing vertical bias to the MR film 16 is formed as shown in drawing 
14 , it irradiates from across using Ar ion, and it is desirable to clean a side face in advance, and it 
carries out continuous laminating of the vertical bias film 18 and the electrode layer 19. The forming 
method is formed in the vertical bias film 18 and an electrode layer 19 using the same ingredient as an 
example 1 by the usual spatter with a big surroundings lump of the metal membrane covering particle 
33. 

[0023] Then, as shown in drawing 15 , a stencil 3 1 is removed, the up gap film 20 and the up shielding 
film 21 are formed, the light gap film 22 shown in drawing 1 1 , a coil (not shown), an interlayer 
insulation film (not shown), the light core 25, a protective coat 26, a terminal (not shown), etc. are 
formed, and an MR head is completed. Drawing 17 is the partial perspective view of this MR head, and 
shows the location of a coil 23 and interlayer insulation film 24 grade. Drawing 16 is partial structural 
drawing when the 1st insulator layer 13 is not etched completely, and, as for the insulator layer under an 
electrode layer 19, it is clear that the greater part of that thickness consists of the 2nd insulator layer 17, 
and the same insulating effectiveness is acquired also in this case. 
[0024] 

[Effect of the Invention] As explained above, the MR head of this invention was able to prevent the 
insulation deterioration of an electrode layer and the lower shielding film while being able to keep 
narrow spacing of the lower shielding film of a magnetic force sencor field, and the up shielding film. 
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[Drawing 1] 
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[0021] Next, a second insulating film 17 of thickness 0.2|im to 0.3|im 
is then formed from this state with the stencil still in place as shown in 
Fig. 13. As the method of film deposition, a method in which the 
insulating film coating particles 32 have high directionality such as an 
ion beam sputtering method or collimation sputtering in which the 
number of particles which travel in straight lines is large is employed 
to form a film that covers part or all of the side portion of the first 
insulating film 13. In addition, the film is formed of the required 
thickness to ensure insulation and, accordingly, common metal oxides 
or metal nitrides such as silicon nitride, alumina and titanium can be 
employed. As a result, a second insulating film 17 can be formed 
employing the same mask, position displacement is unlikely to occur 
and insulation between the lower shield film and electrode film that 
are formed thereafter can be reliably maintained. 

[0022] In this embodiment, a vertical bias film 18 for imparting 
vertical bias is then formed on the MR film 16 as shown in Fig. 14. In 
order to ensure reliable contact at this time, it is desirable for the side 
portion of the MR film to be cleaned in advance by Ar ion irradiation 
from the diagonal direction, the vertical bias film 18 and electrode 
film 19 being continuously laminated. The vertical bias film 18 and 
electrode film 19 are formed from a material the same as the material 
employed in embodiment 1, using, as a method of film formation, a 
normal sputtering method in which the film coated particles 33 are 
attached [around the target area] significantly. 
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